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SUMMARY This study deals with the five-year survival of 728 myocardial infarction patients who survived
the first 28 days after the onset ofsymptoms. The series was collected by the Helsinki Coronary Register
and includes all cases of acute myocardial infarction in the population who were under 66 years of age

during the period 1 July 1970 to 30 June 1971. Of the 219 patients who subsequently died, 81-8 per cent
died from ischaemic heart disease. The mortality was highest during the first year after the acute phase
but did not decrease after the second year. The mortality was higher in patients with a transmural
infarction (five-year mortality 34-0%) compared with those with a nontransmural infarction (19.7%).
The mortality also was higher for recurrent acute myocardial infarctions than for first attacks. The five-
year mortality for women was less (20.5%, age-adjusted) than for men (31-6%). This is mainly
because of the higher incidence of nontransmural infarcts in women. Acute ischaemic heart disease is
more common, more often fatal, and has a poorer long-term prognosis in men than in women in
Helsinki. The acute mortality from acute ischaemic heart disease is high in Helsinki when compared
with other WHO registers and, in addition, the long-term prognosis seems to be relatively poor in
Helsinki.

The Coronary Registers co-operating with WHO
gather community-based data of the severe forms
of acute ischaemic heart disease, both acute
myocardial infarctions and sudden coronary deaths.
The Helsinki Coronary Register started on 1
September 1969, and a series of 1224 patients who
suffered an attack of acute ischaemic heart disease
within one year from 1970 to 1971 has now been
followed for five years. Previous long-term follow-up
studies have usually been based on hospital series.
In counvtries in which only some of the patients
with acute myocardial infarction are treated in the
hospital, hospital series tend to include a large
number of more severe cases, and their follow-up
may give a less favourable overall prognosis for this
disease. In Finland, nearly all patients with acute
myocardial infarction are treated in hospitals, but
concentration of severe cases might take place in
hospitals provided with a coronary care unit. A non-
selected series collected by a coronary register
provides a good opportunity for the study of long-
term prognosis after acute myocardial infarction.
Received for publication 14 May 1979

The high acute myocardial infarction attack rate
among Finns and their high early mortality have
been shown in several studies,1-5 but it is not known
if the long-term prognosis after myocardial infarc-
tion is worse than elsewhere.

In the present study the five-year survival after
the acute phase of acute myocardial infarction of
the 728 patients from the Helsinki Coronary
Register was studied in relation to age, sex, previous
infarction, and transmural infarction.

Patients and methods

The Coronary Register in Helsinki records all cases
suspected of having an attack of acute ischaemic
heart disease among residents of Helsinki under
66 years of age. The completeness of recording is
checked in many ways. A detailed description of the
operation of the WHO Registers and in particular
of the Helsinki Register5 has been published
previously.6-8 Collection of data was almost com-
plete for deceased cases as the death certificates of
all Helsinki residents are sent to the municipality
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of residence regardless of the place of the attack.
There is some loss among those suffering an
attack outside Helsinki, since if they survive and
are previously on a disability pension they may be
left outside the Register. The number of such
patients is, however, very small.

All of the patients entered in the Register were
interviewed by the Register's nurse as soon as the
patient's clinical state allowed. In 28 days the
patients were classified on the basis of pain anam-
nesis, enzyme, and electrocardiographic findings
into the diagnostic categories according to the
directives issued by WHO.5 The criteria for the
categories were as follows:

Definite acute myocardial infarction: The patients
with unequivocal serial electrocardiographic
changes; or typical history of chest pain and raised
serum enzyme levels or equivocal electrocardio-
graphic changes and raised enzymes.

Possible acute myocardial infarction: The patients
with typical chest pain, but insufficient evidence to
include the case under definite acute myocardial
infarction and no good evidence for another
diagnosis.
An additional classification of acute myocardial

infarction as transmural or nontransmural was
possible in 87 per cent of patients surviving the
acute phase on the basis of the electrocardiographic
findings as follows:

Transmural acute myocardial infarction: The
development of a typical rise in the ST segment
(> 1 mm), inversion of the T wave, and patho-
logical Q wave in a serial electrocardiogram, or
a diagnostic combination of these in the only
electrocardiogram taken in a case classified as
acute ischaemic heart disease according to the
criteria given above.

ATontransmural acute myocardial infarction: ST
segment depression and/or symmetrical T wave
inversions developing and persisting in serial
electrocardiograms without QRS changes, or
corresponding changes found in the only electro-
cardiogram taken in a case classified as acute
ischaemic .heart disease according to the criteria
given above. Cases in which the changes may have
been caused by digitalis, electrolyte disturbances,
or other such factors were omitted.
The series used in this study comprised patients

under 66 years of age suffering an acute myocardial
infarction during the period 1 July 1970 to 30 June
1971, and surviving the first 28 days. Originally,
1224 patients suffered an attack of acute ischaemic
heart disease during the one-year period, and 728
patients (59 5%) survived the first 28 days. Each
patient was included in the series only once.
The patients received a questionnaire from the

Register every year during the five years' follow-up
time. It was always sent at the same time of the
year as the patient had suffered his infarction, with
the latitude of a week. The 428 patients who
answered the fifth year's questionnaire were
classified as survivors. The survival of the other 300
patients was checked at first from the Helsinki
Coronary Register. The data on deaths were
obtained from the Register if the patient had died
from acute ischaemic heart disease at less than 65
years of age. The survival of the rest of the patients
was checked by the personnel of the Register from
the microfilms which are published annually by
the Finnish officials, and include the name, the
social security number, and the data on all deaths
in Finland. The official statistics of deaths in
Finland is very accurate and reliable, and it is
practically impossible for any death to escape the
official statistics. After checking the survival of
every patient in the series, the cause of death for the
deceased patients was obtained from the Death
Cause Register of the Statistical Office of the City
of Helsinki, which collects the death certificates of
the Helsinki inhabitants regardless of the place of
death. The cause of death was classified as ischaemic
heart disease if the basic or immediate cause of
death given in the certificate was a fresh myocardial
infarction or chronic ischaemic heart disease or a
state after previous acute myocardial infarction
without other cause of death. Thus, by using
information from the questionnaires, the files of
the Helsinki Coronary Register, and the official
statistics, it was possible to find out the survival
time for all patients with the exactness of one day
during the follow-up time. In addition, it was
possible to know the cause of death for all deceased
patients.
The age adjustment used in the study was made

using the direct method.9 The statistical tests were
carried out using the Mantel-Haenszel test9 for the
data stratified as regards age, and the usual x2 test
in other cases. The use of the latter is indicated in
the text within parentheses.

Results

Of 1224 patients from Helsinki who suffered an
attack of acute ischaemic heart disease during the
period 1 July 1970 to 30 June 1971, 728 patients
were alive after the first 28 days. Of these 728
patients, 77*3 per cent were classified as definite
acute myocardial infarction and 22-7 per cent as
possible acute myocardial infarction; 30-1 per cent
of the patients were women. In 77-7 per cent of
all patients the infarction was the first. The distri-
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Table 1 Cumulative five-year mortality of men with a primary or recurrent acute myocardial infarction who
survived 28 days, expressed as percentage

6 months 1 year 2 years 3 years 4 years 5 years N

Age (y) First Previous First Previous First Previous First Previous First Previous First Previous First Previous

644 0 12-5 3-5 25-0 10-3 37-5 15-5 37-5 172 37-5 17-2 37-5 58 8
45-49 7-6 13-3 7-6 13-3 11-3 13-3 11-3 20-0 15-1 33-3 17-0 33-3 53 15

50-54 7-7 4-4 11*5 13-0 16-7 26-1 19-2 34-8 24-4 43-5 25-6 56-5 78 23
55-59 6-9 10-0 10-9 10-0 13-9 23-3 20-8 30 0 22-8 56-7 38-4 60-0 101 30

60-64 6-7 12-5 16-9 15-0 23-6 22-5 28-1 30 0 31-5 32-5 36-0 42-5 89 40
65 11 1 400 11 1 400 33-3 60-0 33-3 60-0 33-3 60-0 66-7 60-0 9 5

Total 6-2 11-6 10-8 14-9 16-2 24-8 20-4 31-4 23-5 42-1 26-3 46-3 388 121

Standard 11-0 15-2 25-3 31-4 42-5 48-3

Table 2 Cumulative five-year mortality of women with a primary or recurrent acute myocardial infarction who
survived 28 days, expressed as percentage

6 months 1 year 2 years 3 years 4 years 5 years N

Age (y) First Previous First Previous First Previous First Previous First Previous First Previous First Previous

644 0 0 0 0 0 0 0 0 0 0 0 0 5 1
45-49 0 0 0 0 8-7 0 13-7 0 13-0 0 17-4 0 23 2

50-54 0 0
55-59 4 9 0

3-6 0 3-6 0 3-6 0 3-6 0 7-1 25-0 28 4
9-8 0 14-6 0 14-6 0 22-0 10-0 22-0 20-0 41 10

60-64 6-8 20-0 11-0 30-0 17-8 35 0 219 40 0 27-5 55 0 31-5 65-0 72 20
65 0 0 0 25-0 0 25-0 0 25-0 22-2 25-0 22-2 50 0 9 4

Total 3 9 9-8 7-3 17-1 12-3 19-5 14-5 22-0 19-6 31-7 22-3 43-9 178 41

Standard 37-5

bution of the population for age, sex, and previous
infarction can be seen in Tables 1 and 2.
During the five years after the acute phase 219

patients died, that is 30-1 per cent of the 728
patients. A necropsy was performed in 32-7 per cent.
The cause of death of 177 patients was either a
new acute myocardial infarction or chronic ischaemic
heart disease with no other cause of death. Thus
80-8 per cent of deaths were the result of ischaemic
heart disease. Cardiovascular diseases as a whole
were the cause of a total of 91-4 per cent of the
deaths (Table 3).

Table 3 Causes of death in five-year follow-up of 728
patients with acute myocardial infarction who survived
28 days

Cause of death No. Per cent

Ischaemic heart disease 177 80-8
Other heart disease than ischaemic heart

disease 3 1-4
Other cardiovascular disease than cardiac

disease 20 91
Other than cardiovascular disease 19 8-6

Total 219 100-0

Mortality after the acute phase was highest
during the first year and especially during the first
six months of that year. Of those who survived the
acute phase, 11 0 per cent died during the 11 months
following it. During the second, third, fourth, and
fifth year 6-6, 4-8, 6-6, and 5-4 per cent of those
alive at the beginning of each year died, respectively.
For the patients who suffered their first infarction,
the corresponding figures were 9 7, 5-9, 4-2, 4-6,
and 3 6 per cent.
There was a difference in mortality between men

and women; 26-5 per cent of the women and 31-6
per cent of the men died (p < 005) (Tables 1 and 2).
The age-adjusted mortality for women was 203
per cent (Fig. 1). The mortality for both sexes
exceeded conspicuously the mortality for the
Helsinki population of the same age.

Mortality clearly increased with age: 20-1 per
cent of the men and 12-9 per cent of the women
(18-8% of the total) under 50 years of age died
within the five years of the acute phase, whereas
35-7 per cent of the men and 28-7 per cent of the
women between 50 and 65 years of age died, that
is 33-4 per cent of the total.
The five-year mortality in the category 'definite
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acute myocardial infarction' was 32-2 per cent
while it was 19-4 per cent in the category 'possible
acute myocardial infarction' (P < 0001). The age-
adjusted mortality in the category 'possible acute
myocardial infarction' was 20-1 per cent, or slightly
closer to the mortality of definite acute myocardial
infarctions than to that of the Helsinki population
of the same age (Fig. 2).
Of the 566 patients suffering their first acute

myocardial infarction, 25-1 per cent died within
the five years, whereas 47-5 per cent of the 162
patients with a recurrent acute myocardial infarc-
tion died during this period (P<0001) (Fig. 3).
Those suffering a recurrent acute myocardial
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3 6 1 2 3 4
Months Years

Fig. 1 The cumulative five-year mortality with 95
per cent confidence limits among men and women after
the acute phase of infarction. The figures for women are
adjusted for age.
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Fig. 2 The cumulative five-year mortality with 95 per
cent confidence limits in the categories 'definite acute
myocardial infarction' and 'possible acute myocardial
infarction' after the acute phase of infarction. The figures
for the category 'possible acute myocardial infarction' are
adjusted for age.

infarction were older than those with a primary
acute myocardial infarction, and the age-adjusted
mortality for the patients with more than one
infarction was 45-7 per cent.
Of the men 76&2 per cent suffered a first acute

myocardial infarction, and 81-3 per cent of the
women suffered a first acute myocardial infarction
(p > 0-05, x2 test). The five-year mortality among
men with a primary acute myocardial infarction
was 26-3 per cent and among those with a recurrent
acute myocardial infarction 46-3 per cent, 48-3 per
cent as adjusted for age (p < 0001) (Tables 1 and 2).
There were proportionally more deaths in younger
age groups in men with a recurrent acute myocardial
infarction than in those with a first infarction, and,
though the group with recurrent infarction con-
sisted of older patients, the difference in five-year
mortality between these groups was still present
after age-adjustments. The five-year mortality
among women with a primary infarction was 22-3
per cent and among those with a recurrent infarction
43-3 per cent, 37-5 per cent as adjusted for age
(p < 005) (Table 2). The five-year mortality among
male patients with a primary acute myocardial
infarction (26 3%) was considerably greater than
that of female patients with a first infarction (17-3%,
adjusted for age as regards men). The difference
was not, however, statistically significant (p > 0 05).
The difference between the sexes in the mortality
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Fig. 3 The cumulative five-year mortality with 95 per
cent confidence limits of men with a primary acute
myocardial infarction or a recurrent acute myocardial
infarction after the acute phase of infarction. The figures
for recurrent acute myocardial infarctions are adjusted
for age.
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of patients with more than one infarction was also
without statistical significance (p > 0-05) (Fig. 4).
Of all cases, 33-8 per cent were classified as non-

transmural acute myocardial infarction. In women
the proportion of nontransmural acute myocardial
infarction was higher; 24-2 per cent of those with
transmural infarction and 42-7 per cent of those
with nontransmural infarction were women (p <
0001, X2 test). Of the 418 patients with a transmural
acute myocardial infarction 34 0 per cent died,
whereas of the 213 patients with a nontransmural
acute myocardial infarction 19-7 per cent died;
after age adjustment the last figure was 19-5 per
cent (p < 0-001). There was no information on the
transmurality of acute myocardial infarction in 97
patients. Mortality in this group was 35-7 per cent
over a period of five years. Of the 317 men with a
transmural infarction 34 7 per cent and 18-9 per
cent of those 122 men with a nontransmural
infarction (19 4% as adjusted for age) died during
the five-year follow-up period (p <0-001) (Fig. 5).
Of the 101 women with a transmural infarction
31-7 per cent, and of the. 91 women with a non-
transmural infarction 20 9 per cent (22-0% as
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Fig. 4 The cumulative five-year mortality with 95 per
cent confidence limits of men and women for recurrent
and primary infarction after the acute phase. The figures
for women are adjusted for age using the age distributions
of men as the standard.

adjusted for age) died within five years (p > 0 05).
Mortality from a nontransmural acute myocardial
infarction was nearly the same among both men
and women (p >0-10). Mortality among men with
a transmural infarction was higher (34 7%,') than
that among women (23-3%, age adjusted as regards
men) (Fig. 6), but this difference was not statistically
significant (p > 0-05).

Discussion

The series used in this study comprised patients
under 66 years of age who suffered a definite or
probable acute myocardial infarction within a
period of one year. Patients with an asymptomatic
acute myocardial infarction, and the few patients
who, in spite of their symptoms, did not see a
physician are naturally not included in the series,
but otherwise the series represents nearly all of the
patients with acute myocardial infarction under 66
years of age in Helsinki during one year.

Since the WHO criteria for possible acute
myocardial infarctions in survivors are, however,
somewhat loose, it might be objected that there
were patients in this category who in reality suffered
a prolonged attack of angina pectoris. However,
the number of those patients is probably small.
Only 3 per cent (24) of all patients surviving the
acute phase were included in the series solely on
the basis of pain, and 77-5 per cent of all 728
patients surviving the acute phase fulfilled the
WHO criteria of definite acute myocardial infarc-

3 6 1
Months Years

Fig. 5 The cumulative five-year mortality with 95 per
cent confidence limits among men with transmural and
nontransmural infarction after the acute phase. The
figures for the nontransmural acute myocardial infarctions
are adjusted for age.
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tion. The five-year mortality of possible acute
myocardial infarctions after the acute phase was
somewhat smaller than that of definite acute
infarctions. Nevertheless, when the fact that most
nontransmural infarctions (which had a better
prognosis) probably belonged to the category
'possible acute infarction' (c.f. the diagnostic
criteria) is taken into account, the prognosis after
the acute phase supports the view that a majority
of the cases falling under the category 'possible
acute myocardial infarction' probably consisted of
patients suffering an acute myocardial infarction.
The data on survival after the acute myocardial
infarction were complete for each patient to the
exactness of one day. The results of the study on
the five-year mortality of patients with acute
myocardial infarction from Helsinki can be
considered reliable.

Only 32-7 per cent of those who died after the
acute phase came to necropsy, but the result that
about four out of five patients died of ischaemic
heart disease agrees well with the results presented
in studies made in other countries.'0"5 Of the
patients who survived the acute phase 11-0 per cent
died during the next 11 months. In the 21 WHO
registers the 11-month mortality among registered
cases adjusted for age and sex is 5 to 17 per cent;
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Fig. 6 The cumulative five-year mortality with 95 per
cent confidence limits of men and women with transmural
and nontransmural infarction after the acute phase. The
figures for women are adjusted for age using the age
distributions of men as the standard.

the figure in Helsinki is 13-9 per cent.5 According
to the results from the Coronary Register in
London 7 per cent of the men and 10 per cent of
the women died during the 11-month period after
the acute phase.'6 Thus, the prognosis for the first
year after the acute phase seems to be less favourable
in the Helsinki Register, even though the differences
are not very great. In the Gothenburg Register, 15-2
per cent of the patients under 65 years of age
discharged from the hospital died within two years,
but this evidently includes only the WHO category
'definite acute myocardial infarction'." Of those
counted as definite acute myocardial infarctions in
the present study 19-0 per cent died within two
years after the acute stage, and thus the two-year
mortality is somewhat higher in Helsinki than in
Gothenburg, though the differences are small.
Long-term follow-up studies (three to five years)

have been previously made on patients with acute
myocardial infarction mostly using patient series in
a specific hospital." 12 14 17-26 Patient series collected
from army health care systems27 28 and from in-
surance company series29 30 have also been used in
long-term follow-up studies. These series contain
patients of very different types and it is difficult to
compare their results since the diagnostic criteria,
age and sex distribution, and severity of the cases
vary in different studies. The earliest studies have
been criticised for methodological errors which are
considered to have made the follow-up studies in
the '50s and partly even in the '60s unreliable."
Though the problems of selectivity of the study
population are smaller in the register-based studies,
the measures offrequency and outcome are sensitive,
for example to the interpretation of diagnostic
criteria and to the frequency and immediacy of the
tests.32 In addition, the grouping of different
diagnostic categories together creates problems for
comparison of studies. Evidently, not a single five-
year study has yet been published using an un-
selected study population from a coronary register
covering a large community. A four-year follow-up
study from the coronary register in London has
been reported, but its scope was to predict sudden
death from the electrocardiogram, and it includes
only patients who attended a three-month post-
infarction investigation. The four-year mortality
was 19-6 per cent, and the population included both
definite and possible acute myocardial infarctions.15
In the present study the corresponding four-year
mortality for those under 65 years of age and alive
three months after infarction was 24 0 per cent.
Previous follow-up studies give a five-year mortality
of 18 to 44 per cent for those who survived the
acute phase, depending on the age and sex structure
and severity of the disease. In comparison, in spite

181



Pohjola, Siltanen, Romo

of the problems, the 30-1 per cent five-year mortality
in unselected patients with acute myocardial
infarction under 66 years of age in the present study
does, however, seems quite large compared with
the results of previous studies. The mortality in the
category 'definite acute myocardial infarction' was
even higher, 33-2 per cent. The 'HIP' study was a
follow-up of 4-5 years of 564 male patients who
survived one month after infarction. The series
comprised men under 65 years of age with primary
infarction, and the 4*5-year survival in the series
was 81 per cent.29 In the present study the cor-
responding figure for five-year survival was
considerably lower, 73 9 per cent.

Several workers have noted that the mortality
after the acute phase is highest during the first
months.13 14 29 33 This was the case in the present
study, too. On the other hand, the mortality in
this series did not decrease after the second year
of follow-up, and the annual mortality during the
whole follow-up period considerably exceeded that
of the Helsinki population of the same age.
Age had an unfavourable effect on the five-year

mortality, as has been shown in the majority of the
previous studies. It has been noted, however, that
the survival of younger patients with acute myo-
cardial infarction is relatively smaller than that of
older patients, if it is compared with the mortality
of the general population within the same age
groups.29
No clear differences between the sexes were

found previously in the long-term survival,13 even
though not many long-term follow-up studies with
large numbers of female patients with acute
myocardial infarction have been published. In the
present study the five-year mortality among women
was lower than that among men, and age adjustment
increased the difference still further. The lower
mortality among women could be because a
relatively larger proportion ofwomen suffered a non-
transmural infarction for, when the transmurality
of infarction was standardised, there was no
statistically significant differences in the mortality
between men and women. Women also suffered a
recurrent acute myocardial infarction somewhat less
often than men. Myocardial infarction in Finland, at
least in the population of working age in Helsinki,
seems to be less serious in women than in men: the
incidence of acute ischaemic heart disease among
women is clearly lower than among men,5 women
are less prone to both sudden death and death
during the first 28 days than men,7 and their long-
term mortality is clearly smaller than that of men,
mainly because they tend to suffer a smaller
infarction with fewer recurrences than men.
The five-year mortality among men with a

transmural acute myocardial infarction was nearly
double that ofmen with a nontransmural infarction.
This probably reflects the usually smaller size of
myocardial damage in nontransmural infarction
compared with transmural infarction. Published
reports have presented data, especially recently,
which indicate that the prognosis for nontransmural
infarction does not differ from that for transmural
infarction, or is even poorer.22 34-37 The series used
in these studies was, however, fairly small. Both
of the groups in the present study were large,
though no classification into transmural or non-
transmural infarction could be made for 13 per cent
of the patients. Even if all these patients were in
the nontransmural group, which is highly unlikely,
this would not be enough to negate the considerable
difference in mortality between the groups.

Conclusion

The prognosis for patients of working age in
Helsinki who had an attack of acute ischaemic heart
disease is poor. Only 41 6 per cent of all those 1224
patients who suffered a definite or probable acute
myocardial infarction or sudden coronary death
during a one-year period were alive after five years.
Compared with other follow-up studies the
infarctions in Helsinki seem to have a higher
fatality rate than in other countries especially in
the early phase,5 but also thereafter. The exception-
ally high mortality from myocardial infarction of
the Finnish population of working age, especially
that of men, is caused by both the high incidence
and the high fatality of the disease in the acute
phase, right from the first hour after the attack.
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